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(54) Polymer-drug confugates wHh an enzyme deavable linker 

(57) Provided Is a medical material useful for wound 
dressings or a drug delivery system, which material is 
safe and has high healing effects, more specifically, 
which is free from cytotoxiaty or other side effects 
caused by a dojg and permits the selective healing of 
the diseased site in a small dosage without damaging 
the sites other than the diseased site. 

Ihe medical material so provided is a polymer gel 
having a sequence represented by the formula: A-Spl - 
E-Sp2-G wherein A represents a water-sweiling poly- 
mer gel, Spl represents the first spacer, E represents a 
deavable group with the main chain to be cleaved via an 
enzymatic reaction. Sp2 represents the second spacer 
and G represents a drug. When the polymer gel is used, 
the deavable group (E) is deaved according to an 
amount of an enzyme existing at the diseased site to 
release the dojg in accordance with the amount of the 
enzyme. 
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Description 



IS 



This invention relates to a polymer get for medical use. More specHically. the present invention relates to a novel 
polymer gel for medical use having drug releasing property. The polymer gel of the present invention is useful as the 
structural component for wound dressings, adhesives for biological tissues, adhesion preventing agents, bone reinforc- 
ing materials, and drug releasing base materials. 

Gauze and/or ointments have been used conventionally for treating wounds such as injury and burn, ulcer and 
decubitus. These have the effects of absorbing exudate and preventing the penetration of exogenous bacteria and the 
like. It has been indicated recently that a variety of growth factors (bFQF, TGFp. etc.) promoting wound healing are 
present in the exudate from the wounds [see Howell. J.M.. Current and Future Trends in Wound Healing Emerg Med 
Qin. North Amer.. 10. 655-663 (1992). etc.) Therefore, attention has been focused on an occlusive dressing having the 
effect of promoting wound healing while holding the growth factor on the wound [Eaglstein. W.E.. Experience with bio- 
synthetic dressings, J. Am. Acad. Dermatol., 12, 434-440 (1985)]. 

In addition, polymer gels have been used conventionally in various applications in medical fields. A drug delivery 
system (DDS) or wound dressing containing a pharmaceutical agent in a polymer gel has been proposed recently. 

In recent years, occlusive wound dressings made of polyurethane f Bm, hydrocolloid, alginate gel, polyvinyl alcohol 
sponge, or polyvinyl alcohol hydrogel have come to be known. 

Occlusive wound dressings made of a polyurethane film, hydrocolloid, alginate gel or the like are excellent in terms 
of the effect of facilitating healing. Once the dressings are infected with bacteria, however, the bacteria rapidly pralifer- 
20 ate because the wet environment is a suitable medium for the bacteria, with a risk of triggering severe infection. For the 
prevention or treatment of the infection with bacteria, antibiotics are administered systemically or locally, but blood cir- 
culation is so poor at wounds with bacterial infection that an effective dose of anttoiotics cannot be delivered to the 
wounds by systemic administration, or side effects may occur by local administration due to the cytotoxicity of locally 
administered antibbtics and healing is prevented. 
25 As wound dressings with phamiaceutical agents contained therein, proposed are a wound contact pad as a part of 
a wound treating device, comprising a mixture alginate salt of an insoluble alginate salt and a soluble alginate salt, and 
containing an antibiotics or a local anesthesia [see Japanese Language Laid-Open Publication (PCT) No. 
501067/1992]; and a wound dressing containing hydrogel, as the stmctural component, in which a peptkie promoting 
healing of wounds is covalently bound at least at the surface and/or containing a disinfectant (see Japanese Unguaae 
30 LakJ-Open Publication (PCT) No. 500028/1 994). 

In ttie wound dressings disdosed In tiie Japanese Language Laid-Open Publication (PCT) No. 501067/1992 drugs 
such as antibacterial agents and local anesthesia may be contained in a gel pad. but the drugs are consistentiy 
released because the drugs are not immobilized onto the gel, thus possibly inducing side effects. 

In the wound dressing disclosed in Japanese Language LakJ-Open Publication (PCT) No. 500028/1994. the sur- 
35 face thereof is chemically bound with a peptide for promoting wound healing and the bonding cannot be cleaved. Thus, 
the effect of the peptide can be exerted only at a site in contact to tiie wound dressing. 

Specific examples of tfie drug delivery system are a crosslinked hyaluronate gel containing \pki microspheres with 
phanmaceuticaJ agents encapsufated therein and being cleavable with OH radicals [see Yui, et al., Polymer Preprints 
Japan, 42(8). 3186-3188 (1993)]; and cellulose powder bound, through an amino acid reskjue or peptkie chain com- 
posed of -Phe— . -Tyr-, -lle-Tyr- or -Gly-lle-Tyr-. with pholcodine [see F Lapioque & E. Dellacherie, J. Controlled 
Release. 4, 39-45 (1986)]. 

In the former case, the hyaluronate gel is decomposed at a site where OH radicals are generated, whereby a dnjg 
encapsulated in lipkl microspheres is released. Because the generation of Ngh levels of OH radicals Is limited to a cer- 
tain stage of inflammation or to a very limited area of irtf lammation, however, the number of diseases to which the sys- 

45 tem is applicable is relatively limited. Furthermore, the drug encapsulated into lipid mrcrospheres is gradually released 
from the Ipid miaospheres into an external aqueous phase so that the drug may be released also at a site besides the 
diseased site, involving possble skJe effects. 

In the latter case, photeodine bound through an amino ackl reskiue or peptide chain composed of -Phe-, -Tyr-, -lle- 
Tyr- or -Qly-lle-Tyr- to cellulose powder is tentatively released by the cleaving action of an enzyme, but tiie release of 

so tiie drug is as less as 1/1 000 to 1/20.000 fold compared with the unimmobilized drug. TTius. such system is not practi- 
cal. 

Under such situations, there has been a demand for a medical material usable for wound dressings or drug delivery 
system which material has less cytotoxicity or other skle effects caused by a drug and permits selective healing of only 
the diseased site by a small dosage without damatf ng the other sites, in short, whteh material has high safety and has 
ss high healing effects. 

The present inventors can'ied out an investigation witii a view to developing a medical material being excellent in 
safety and at the same time having high heating effects compared with the above-descrtoed conventional medical mate- 
rials. Finding that a polymer gel for medical use having a sequence represented by the following formufa (II): 



40 
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A-B-C-D (10 

wherein A represents a water-swelling polymer get. B represents a spacer, C represents a deavabte group with a main 
chain to be cleaved by an enzymatic reaction and D represents a drug, that Is, a polymer get for medical use produced 
by immobilizing a drug (D), through a cleavable group (C) with the main chain to be cleaved via an enzymatic reaction 
5 and a spacer (B). onto a water-swelling polymer gel (A), exerts a drug releasing property con-esponding to the anrK>unt 
of an enzyme, which makes it possible to release a therapeutically effective dose of the drug only at a diseased site 
generating an enzyme and to treat the diseased site without resulting in side effects to the other sites, the present inven- 
tors already filed a patent application thereon (Japanese Patent Application Laid-Open No. 24325/1996; U.S. Applica- 
tion Serial No. 08/826.097). 

10 The present inventors have proceeded with an investigation based on the above invention. As a result, it has been 
found that a polymer gel represented by the formula: A-Sp1-E-Sp2-Q wherein A represents a water-swelling polymer 
gel, Sp1 represents the first spacer, E represents a deavabte group with the main chain to be cleaved via an enzymatic 
reaction, Sp2 represents the second spacer and G represents a drug, that is a polymer gel fbr medical use having spac- 
ers between the water-swelling polymer gel and the cleavable group and between the cleavable group and the drug and 

15 thus having a novel sequence also exerts a drug releasing property con'esponding to the amount of an enzyme so that 
it can release a therapeutically effective dose of the drug only at the diseased she generating an enzyme and treat the 
diseased site without giving rise to side effects to the other sites and at the same time has excellent drug release capac- 
ity and treatment effects of the diseased site. 

The present inventors have also found that the above polymer gel for medical use having two spacers can be put 

20 on the market even in the form prior to binding with a drug, that is, in the form of a polymer gel represented by the fol- 
lowing formula: A-Spl -E-Sp2' wherein A. Spl and E have the same meanings as defined above and Sp2' represents a 
spacer precursor which can be bound with a drug and a polymer gel for medical use usable effectively for the treatment 
of a diseased site can be formed by binding a drug with the spacer precursor Sp2' as needed. 

In the present invention, there is thus provided a polymer gel for medical use produced by binding a dnjg with a 

25 water-swelling polymer get in a sequence represented by the following formula (1): 
A-^1-E-Sp2-Q (I) 

wherein A represents a water-swelling polymer gel. Sp1 represents the first spacer, E represents a deavable group with 
the main chain to be cleaved via an enzymatic reaction, Sp2 represents the second spacer and Q represents a drug. 
There is also provided a polymer gel for medical use wNch has a sequence represented by the following formula 

30 (la): 

A-Sp1-E-Sp2' (la) 

wherein A represents a water-swelling polymer gel, Sp1 represents the first spacer, E represents a deavable group with 
the main chain to be deaved via an enzymatic reaction and Sp2' represents the second spacer precursor which can be 
bound with a drug and which pemriits the binding of the drug with the water-swelling polymer gel through the first spacer 
35 (Sp1), deavable groip (E) and second spacer (Sp2), with the proviso that Sp2 represents the second spacer formed 
when the second spacer precursor (Sp2') and the drug are bound. 
The present invention will hereinafter be described in detail. 

In the polymer gel for medical use of the present invention having a sequence represented by the above formula (I) 
or (la), the water-swelling polymer gel (which may hereinafter be called 'Vrater-swelling polymer gel (A)") can be used 
40 in any form such as in a form swollen with water, the dry fonri prior to swelling with water and the forrri containing a small 
amount of water but not being swollen conpletely with water. Accordingly, the polymer gel for medical use according to 
the present invention embraces any one of the gels in the form pollen with water, the dried form and the form contain- 
ing a small anxHJnt of water. 

When a reference is made of a polymer gel tor medical use in this specification, amino add residues are sometimes 
45 desabed using abbreviations. The abbreviations of indvidual amino acid residues used in this specification are shown 
below in Table 1. 
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Table 1 



Abbreviation 


Amino acid residue 


Abbreviation 


Amino add residue 


Ala 


L-a)anine residue 


Leu 


L-leudne residue 


Arg 


L-arginine residue 


Lys 


L-lysine residue 


Asn 


L-asparagine residue 


Phe 


L-phenyl alanine residue 


Asp 


L-aspartic add residue 


Pro 


L-proline residue 


Cys 


L-cystetne residue 


Ser 


L-serine residue 


Gin 


L-glutannine residue 


TTir 


L-threonine residue 


Glu 


L-glutanriic acid residue 


Trp 


L-tryptophan residue 


Gly 


glycine residue 


Tyr 


L-tyrosine residue 


His 


L-hystidine residue 


VaJ 


L-valine residue 


lie 


L-isoleucine residue 


NIe 


L-naleucine residue 



In the present specification, the amino acid sequence of a peptide is depicted according to the common method; 
the amino add residue at the N-terminal is positioned at the left side while the amino acid residue at the C-terminal is 
positioned at the right side. Amino add residues of D-conf iguration are shown with its abbreviation followed by the sym- 
bol (D) [with (D) at the right side of the abbreviation]. 

In the polymer gel for medicaJ use of the present invention represented by the above fonmula (I) or (la), the water- 
swelling polymer gel swells in body fluids such as blood, plasma and extracellular fluid or fluids similar to body fluids 
such as phystdogicai saline, and also have biocompatibility. In the present invention, no particular limitation is inposed 
on the polymer material forming the water-swelling polymer gel (A) insofar as it swells in the above body fluid or fluid 
similar to the body fluid and also has bioconpatibility. Examples include polysaccharides such as alginic add, chitin, 
chrtosan. hyaluronic add and cellulose and derivatives thereof; proteins such as geiatin, collagen, casein and albumin; 
polypeptides such as polyaspartic add, polyglutamic add and polylysine: and synthetic polymers such as polyvinyl 
alcohol polymers, ethylene vinyl alcohol copolymers, polyvinylpyrrolidone (PVP) and polyacrylic acid and derivatives 
thereof. By binding or crosslinking a polymer material or a mixture of two or more of the materials through a covalent 
bonds, hydrophobic bonds, hydrogen bonds, electrostatic bond or the like, a water-swelling polymer gel can be 
obtained. 

For example, an electrostatically crosslinked gel can be produced by adding a multivalent metal ion such as Ca^* 
ion to a cartxsxyl-containing polymer material, such as alginic acid, polyacrylic acid, polyaspartic acid or polyglutamic 
acid, or a derivative thereof. 

Similarly, by mixing such a polymer material containing alginic acd or other carboxyl group with an amino-oontain- 
ing polymer material such as chitosan or polylysine, an electrostatically crosslinked gel can be produced. 

By cooling an aqueous solution of gelatin or polyvinyl alcohol, or a derivative thereof, or a solution of gelatin or pol- 
yvinyl alcohol, or a derivative thereof in an organic solvent a gel crosslinked via a hydrogen bond can be produced. 

Provided that the polymer material is ethylene vinyl alcohol copolymer or polyacrylic add, or a derivative thereof, 
which is dissolved in a water-misdWe organic solvent, a solution produced by dissolving the material in a water-misdWe 
organic solvent is immersed in water to generate a gel crosslinked via hydrogen bond and/or hydrophobic bond. 

In the case of a polymer n^atertal with a reactive group such as alginic add. polyacrylic acid, chrtosan, protein, poly- 
lysine, polyaspartic add, polyglutamic add or polyvinyl alcohol, or a derivative thereof, a gel crosslinked via a covalent 
bond can be produced by covalently bonding the polymer material with a multi-functional compound such as lysine oli- 
gomer, ethylenediamine, glyc^n, sucdnic acid, oxalic acid or the like. Furthermore, a gel aossi inked via a hydrophobic 
bond can be produced by bonding the polymer material with a hydrophobic compound such as an alkylated oligopep- 
tide, fatty add, aliphatic amine or aliphatic alcohol, or a derivative thereof with a hydrophobic compound. 

Upon the polymerization of a synthetic polymer material such as polyaaytic add, polyvinyl alcohol polymers or pd- 
yvinylpyn^olidone. or a derivative thereof, a multi-functional monomer such as bisacrylamide or ethylene glycol bismeth- 
acrylate may be copolymerized with the synthetic polymo- material to generate a covalently aossiinked gel. 

As a water-swelling polymer gel (A) for a polymer gel for medical use of the present invention, a gel crosslinked via 
a hydrogen bond and/or a hydrophobic bond which is obtained by using polyvinyl alcohol as a polymer material is used 
preferably among the above-exemplified various polymer gels. The polyvinyl alcohol to be used as the polymer material 
is prefen-ed to have an average polymerization degree of at least 1 ,500 and a saponification degree of 60 to 100%. With 
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respect to the strength of the resulting gel. a gel formed of polyvinyl alcohol is preferred to have a syndiotacticity of at 
least 50% by Dyad convention, wfth a gel formed of polyvinyl alcohol having a syndiotacticfty of at least 53% being more 
preferred. 

The syndiotacticfty by Dyad convention will be described later more specifically in Examples. 

No particular limitation is imposed on the above-described polyvinyl alcohol gel which is preferred in the present 
invention. Examples include those composed mainly of the polyvinyl alcohol described betow in (a) and (b) which per- 
tain to the application of the present applicant. These gels are provided with excellent properties in stability, flexft>ility, 
transparency, heat resistarKe. resistance to moist heat strength and the like. 

(a) Polyvinyl alcohol (Japanese Patent Application Laid-Open Na 206188/1996) having a viscosity-average polym- 
erization degree of at least 300. said polymer having 5 to 50 mote% of a structural unit represented by the following 
formula (i): 



-CH2-CH- 



O 



0=C-C-R^ 



(i) 



wherein R** r Resents a hydrogen atom or a monovalent hydrocarbon group, and R^ each indeperxierrtly rep- 
resents a monovalent hydrocaibon group or and R^ are coupled to fomi a ring together with the adjacent carbon 
atom, or R^ , R^ and R^ are coupled to form a ring together with the acjacent cartxxi atom; and having a block char- 
acter (6) of 0.6 or less, said block character being represented by the following equatk>n (1}: 

e - (OH. VES] / 2[0H] [VESl (1 ) 

wherein [OH. VES] represents a molar fractk>n of methine carbons sandwiched between a hydroxyl-coupled 
methine carbon and an acylcxy-coupled methine carbon among those of the polyvinyl alcohol, [OH] represents a 
molar fraction of the vinyl alcohol unit and [VES] represents a molar fraction of the structural unit represented by 
the above formula (i). 

(b) Polyvinyl alcohol (Japanese Patent Applicatbn Na 185466/1996) containing the structural unit represented by 
the above formula (i) in a molar fraction of 0.05 to 0.50; and at the same time, containing at least one structural unit 
represented by the following formula Oi): 



■CHj-CH- 
I 

O 

I 

X 



(il) 



wherein X is a groi^) represented by the formula -CO-Y, -Y or -CO-COOH, in which Y represents a hydrocarbon 
group modified by at least one polar group selected from carboxyt group, sulfonic add group, amino group and 
phosphoric ackl group, or a hydrocartx>n group modified by a group having at least one polar groip selected from 
cartx)xyl group, sulfonic acid group, amino group and phosphoric acid group, a X forms a phosphoric acid group 
together with the adjacent oxygen atom, in a molar fraction of 0.0001 to 0.5, preferably in a molar fraction satisfying 
the following equation (2): 

[(1-Cest) x Cest] x 0.01 s Cpol < [(1 -Cest) x Cest| x 2.0 (2) 

wherein Cpol stands for a molar fraction of the structural unit represented by the formula (2) and Cest stands for a 
molar fraction of the structural unrt represented by the formula (i). 
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The surface of biologicaJ tissues or cells has a hydrogel-iike structure containing a large amount of water due to the 
presence of hydrophiiic sugar chains. On the other hand, a hydrogel swollen with water also contains a large amount of 
water and is therefore in the structure similar to that of biological tissue. Hence, the gel has excellent bioconpatibilrty. 
However. If the water-swelling degree is too high, the mechanical strength of the gel is lowered. In the case of the water- 
swelling polymer gel (A) in the polymer gel for medical use according to the present invention, the weight of the hydrogel 
which has been swollen with water to equiltorium is preferably in a range of 1 to 1 .000, more preferably in a range of 10 
to 200. provided that the dry weight of the polymer material prior to swelling with water is defined as 1 . 

In the polymer gel for medical use of the present invention represented by the above formula (I) [which may here- 
inafter be called "polymer gel (1)1. a deavable group (E) with the main chain to be cleaved via an enzymatic reaction 
[which may hereinafter be called "deavable group (E)" simplyj is coupled with a water-swelling polymer gel (A) through 
the first spacer (Spl ) [which will hereinafter be called lirst spacer (Spl )] and a dojg is coupled with the deavable group 
(E) through the second spacer (Sp2) [which will hereinafter be called "second spacer {Sp2)l. 

In the polymer gel for medical use of the present invention represented by the above formula (la) [which may here- 
inafter be called 'Ipolymer gel (la)l, a deavable group (E) is coupled with a water-swelling polymer gel (A) through the 
first spacer (Spl) and the second spacer precursor (Sp2') [which will hereinafter be called "second spacer precursor 
(Sp2 )] is coupled with the deavable group (E). By coupling the second spacer precursor (Spa*) with a drug, in this pol- 
ymer gel (la), the atwve-described polymer gel (I) is formed. 

Incidentally, the polymer gel (0 and polymer gel (la) may be called "polymer gel" collectively. 

The term "main chain" as used herein means a bonding chain composed of atonrs which directly take part in the 
bonding of a dmg to a water-swelling polymer gal (A). When a deavage occurs at any position of the main chain, the 
drug is released from the polymer gel. 

In the polymer gel according to the present invention, no particular limitation is imposed on the deavable group (E) 
with the main chain to be deaved by an enzymatic reaction, it is a group whose main chain is specifically deaved with 
an enzyme present at a diseased site. TTie kind of the deavable group (E) differs, depending on the diseased site to 
which the polymer gel is applied. Examples of the enzyme present in the diseased site indude peptide hydrolase such 
as elastase, cathepsin Q, cathepsin E, cathepsin B, cathepsin H, cathepsin L, trypsin, pepsin, chymotrypsin and y- 
glutamyftransferase (y-QTP); sugar chain hydrolase such as phosphorylase, neuraminidase, dextranase, amylase, lys- 
ozyme and oligosaccharidase; and oligonudeotkie hydrolases such as alkaline phosphatase, endorbonudease and 
endodeoxyribonudease. In addition, other enzymes which are present at a diseased site and specifically deave the 
main chain can also be adopted. 

Examples of the deavable group (E) in the polymer gel include, but not limited to. amino acid residues such as - 
Arg-. -Ala-. -Ala(D)-. -Val-. -Leu-, -Lys-, -Pro-. -Phe-. -Tyr- and -Qlu-; 2-mer to 6-mer oligopeptides such as -lle-Qlu-QIy- 
Arg-. -Ala-Qly-Pro-Arg-, -Arg-Val-{Arg)2-, -Val-Pro-Arg-, -Val(D)-Pro-Arg., -3n-Ala-Arg-, -Qln-Gly-Arg-, -Asp-Pro-Arg-, 
-an-(Arg)2-. -Phe-Arg-, -(Aia)2-. -Ala-Ala(D)-. -(Ala)2-Pro-Val-. -(Valjg-. -{Ala)2-Leu-. -Qly-Leu-. -Phe-Leu-. -Val-Leu- 
Lys-. -3y-Pro-Leu-Gly-Pro-, -(Alajg-Phe-, -(Alajg-Tyr-, -(Ala)2-His-. -(Ala)2-Pro-Phe-, -Ala-Gly-Phe-. -Asp-3u-, ■(Gyu)2- 
, -Ala-Glu-, -lle-Gu-, -Qly-Phe-Leu-Gly-, ■{Arg)2-, -Phe-Pro-Arg-, -Phe(D)-Pro-Arg-, -Tyr-Pro-Arg- and -Tyr(D)-Pro-Arg- 
; D-glucose, N-acetylgalactosamine, N-acetylneuramink; acid, N-acetylglucosamin© and N-acetylmannosamine, and 
oligosaccharides thereof; and oligortoonucleic acids such as oligodeoxyadenine, oligodeoxyguanine, digoguanine, oli- 
gocytosine and oligouridine. 

Among them, amino add residues or 2-mer or 6-mer oligopeptide residues are preferably used as the deavage 
group (E) from the respect of the readiness of enzyme cleavage and the safety for living bodies. In addition, it is pre- 
ferred that the cleavage site by an enzyme (a carboxyl terminal of the oligcpeptide residue) is preferably Arg. More pref- 
erably, an oligopeptide residue selected from -Val-Pro-Arg-, •Vial(D)-Pro-Arg-, -Phe-Pro-Arg-, -Phe(D)-Pro-Arg-, -Tyr- 
Pro-Arg- and -Tyr(D)-Pro-Arg- can be used. It is particularly preferred that the third amino add (p3) from the deavage 
site in the diredion of an N-terminal is an aromatic amino acid residue such as Phe or Tyr. with D aromatic amino add 
such as Phe(D) and Tyr(D) being more preferred. More specifically, -Phe-Pro-Arg- and -Tyr-Pro-Arg- are prefen-ed, with 
-Phe(D)-Pro-Arg- and -Tyr(D)-Pro-Arg- being particularly preferred. 

For increasing the deavage property of the cleavage group (E) by an enzyme, it may be a group composed of at 
least two sequences, each having at least one group with the main chain to be cleaved by an enzymatic reaction, cou- 
pled in series. Examples of such deavage group (E) indude -Val-Pro-Arg-Qly-Val-Pro-Arg-Qly-Val-Pro-Arg-, -Phe-Pro- 
Arg-Qly-Phe-Pro-Arg- and -Phe(D)-Pro-Arg-Gly-Phe(D)-Pro-Arg-. 

The first spacer (Spl). second spacer {Sp2) and secorKJ spacer precursor (Sp2') in the polymer gels (I) and (la) of 
the present invention control the reactivity between the enzyme and cleavage group (E). These spacers and spacer 
precursor themselves are not deaved by the enzyme. No particular limitation is imposed on the kind or structure of tiie 
first spacer (Sp1) and the second spacer (Sp2) insofar as they serve for an enzyme present at a diseased site to react 
wHh the deavage group (E) in an appropriate manner. On the second spacer precursor (Sp2') in tiie polymer gel (la), 
on the other hand, no particular limitation is imposed insofar as it can form the second spacer (Sp2) coupled with a 
dmg. 
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tt has been confirmed by the present inventors that rf no spacer is used, cleavage reaction of the cleavage group 
(E) by an enzyme shows a marked deterioration. 

In general, if the number of the atoms, such as cartx>n, nitrogen and oxygen, in the medn chain of the spacer Is 
small, the reactivity of the enzyme with the cleavable group (E) is lowered due to the steric hindrance of the water-swell- 
5 ing polymer gel (A), causing the decrease in the release of the drug. If the total number of the atoms constituting the 
main chain of the spacer is below 3. the release of a therapeutically effective amount of the drug may not be expected. 
If the total number of the atoms constituting the main chain of the spacer is increased, on the other hand, the reactivity 
of the enzyme with the cleavable group (E) is increased, which makes it possible to increase the release of a therapeu- 
tically effective amount of the drug. If the total number of the atoms constituting the main chain of the spacer is above 
10 20, the spacer may wentually take a conformation such as a turn structure and a-helix; and the spacer takes such form, 
the cleaving action of the &izyme on the cleavable group (E) maybe lowered. Furthermore, the spacer may aggregate 
due to inter-spacer and/or intra-spacer hydrophobic interaction, causing a decrease In the cleaving action of the 
enzyme on the cleavable group (E). 

Therefore, in order to property control the cleaving action of the enzyme on the cleavable group (E), thereby per- 
15 mitting the release of the drug in a suitable amount, it is prefen-ed that any one of the first spacer (Spl). the second 
spacer (Sp2) and the second spacer precursor (Sp2') is a molecular chain with the total number of cartx)n atoms, nitro- 
gen atoms and oxygen atoms contained in the main chain being at least 4; more preferably, the spacer is a molecular 
chain with the total being 4 to 20; and most preferably, the spacer is a molecular chain with the total being 6 to 18. 

In any one of the first spacer (Sp1), the second spacer (Sp2) and the second spacer precursor (Sp2'), a spacer with 
20 a polar groi^) such as a hydroxy group tends to elevate the cleaving action of the enzyme on the deavable group (E), 
thereby increasing the release of the drug. 

Since some spacers different in kind or structure excessively increase the reactivity of the enzyme with the deav- 
able group (E) and cause the release of the drug at an unnecessary level, it is desirable to select a spacer suitable for 
the diseased site. 

2S In the polymer gel of the present invention, the first spacer (Sp1 ) is interposed between the water-swelling polymer 
gel (A) and the cleavable groif) (E] and the second spacer (Sp2) is interposed between the deavable group (E) and a 
drug. Compared with the polymer gel having only the first spacer, it is therefore possible to improve the selectivity of the 
cleaving action of the enzyme on the deavable groii) (E) by selecting two spacers (Spl) and (Sp2) from the viewpoint 
of the kind, structure, the length of the main chain or the like and then using them in combinatran. thereby obtaining a 

30 polymer gel more suited to the kind or the condition of the diseased site. 

Moreover, since the polymer gel of the present invention has the first spacer (Sp1) and second spacer (Sp2), even 
in the case where the drug is not easily bound directly with the cleavable group (E). the drug can be bound easily by 
selecting as the second spacer (Sp2) a proper one. In this point, compared with the polymer gel containing only the first 
spacer (Spl}, the use of two spacers in combination makes it possible to widen the range of a drug to be bound, thereby 

35 widening the application range and heightening usefulness of the resulting polymer gel. 

Examples of the first spacer (Spl ) and the second spacer (Sp2} indude linear nrwlecular chains such as a methyl- 
ene group which may or may not have a substituem, an ether bond, a peptide bond, an imino bond and a C-C double 
bond. Specific examples include: 

40 ■CO-(CH2)2-CO.. 

-COKCH2)2-CO-NH-CH2-CO-, 

-CH2-CO-NH-(CH2)2-NH-CO-(CH2)2-CO-, 

■CH2-CH(OH)-CH2-NH-CO-{CH2)2-CO-, 

-CH2-CH(OH)-CH2-NH-(CH2)2-NH-CO-(CH2)2-CO-. 
45 -NH-(CH2)2-NH-CO-CH2-NH-Ca(CH2)2-CO-, 

•NH-(CH2)2-NH-CO-CH2-NH-CO-(CH2)3-CO-, 

-CO-(CH2)2-NH-(X)-CH2-NH-CO-(CH2)2-CO-, 

-NH-(CH2)2-NH-CO-CH2-NH-CO-(CH2)2-CO-, 

-NH-(CH2)2-NH-CO-CH2-NH-CO-(CH2)3-CO-, 
50 -NH-(CH2)2-NH-CO-CH(CH3)-NH-CO-(CH2)2-CO-. 

-NH-(CH2)2-NH-CO-CH(CH20H)-NH-CO-(CH2)2-CO-. 

-Gly-Phe-Pro-Ala-Oily-Qly-, 

-Gly-Tyr-P ro-Ala-Qly-Qly-, 

-Gly-Phe-Pro-Ala-, 
55 -Qly-Phe-. and 

-Gly-Qly-. 

It is prefen-ed that each of the first spacer (Spl) and the second spacer (Sp2) is any one of -CO-(CH2)2"CO-, -CO- 
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(CHds-CO-NH-CHa-CO-. -NH-CCHaJa-NH-CO-CHa-NH-CO-CCHsja-CO-. -Gly-Phe-Pro-Ala-Gay-GIy-. -Gly-Tyr-Pro-Ala- 
Gly-Gly-. -Gly-Phe-Pro-Aia-, -oiy-Phe- and -Gly-Gly- among the above-exemplrfied ones. 

The first spacer (Sp1) and the second spacer (Sp2) may be the same or different but it is more prefen-ed that the 
first spacer (Sp1) is -C0-{CHa)2-C0- or -CO-(CH2)2-CO-NH-CH2-CO- and the second spacer is any one of -Gly-Phe- 

5 Pro-Ala-Gly-Gly-, -Qy-Tyr-Pro-Ala-Gly-Gly-, -Gly-Phe-Pro-Ala-, -Gly-Phe- and -Gly-Gly-. 

As the second spacer precursor (Sp2^ in the polymer gel (la), preferred are, among the above-exemplified spacers, 
those having at their terminal (right terminal) a residue reactive to a drug. 

Each of the first spacer (Sp1), the second spacer (Sp2), the second spacer precursor (Spe*) and cleavable group 
(E) can be prepared, in accordance with the kind of the group, by the ordinary organic synthesis. 

10 When rt is an oligopeptide residue, it is prepared by a method generally employed for peptide synthesis, such as 
solid phase synthesis and liquid phase synthesis (see for example, "Biochemistry Experimental Course, second series. 
No. 2. Protein Chemistry (2)", pp. 641-694, Nippon Biochemistry Association eds.. issued by Tokyo Kagaku Dojin 
Kabushiki Kaisha, On May 20. 1987.). When it is an oligosaccharide residue, it is prepared by usual methods employed 
for the synthesis or extraction of sugar chain (see for exanple. "New Biochemistry Experimental Course, No. 3. Sugar 

IS (I); pp. 95-140 and pp. 421 -438(1990), Nippon Biochemistry Association eds., issued by Tokyo Kagaku Dojin Kabushiki 
Kaisha). When it is an oligonucletc acid residue, rt is prepared by a method generally employed for the synthesis or 
extraction of a nucleic add, (see for example, "New Biochemistry Experimental Course, Na 2, Nucleic Adds (III)," pp. 
254-269(1992), Nippon Biochemistry Assodation eds., issued byTot^ Kagaku Dojin Kabushiki Kaisha; and 'New Bio- 
chemistry Experimental Course, No, 2, Nucleic Acids (0, l3p. 147-168(1991), Nippon Biochemistry Assodation eds., 

20 issued by Tokyo Kagaku Dojin l^ushiki Kaisha. 

In the polymer gel of the present invention, a drug [which may hereinafter be called "drug (G)1 bound through the 
second spacer (Sp2) can be selected as needed depending on the purpose of the polymer gel and no particular limita- 
tion is imposed on it. 

For example, if the polymer gel of the present invention is used as a wound dressing, adhesive for biological tis- 
25 sues, and an adhesion preventing agent the drug used may be an antibacterial agent such as disinfectant or ant&iotic; 
a blood flow modHying agent such as actostn or prostaglandin E1 (PQE1); an anti-inflammatory and analgesic agent 
such as steroid or indometiiacin; a growth factor such as transforming growth factor ^ (TGF^), platelet-derived growth 
factor (PDGF) or fbroblast growth factor (FGF); or an enzyme inhibitor such as urinastatin or tissue inhibitor of metal- 
loproteinase (TIMP). When the polymer gel of the present invention is used as a bone reinfordng material, the drug 
30 used may be. for example, a bone cell growth factor such as bone morphogenetic protein (BMP). TQF^ or parathyroid 
honnone (PTH); lnterleukin-1 (IL-1) inhibitor; or a bone resorption suppressing factor such as bisphosphonate or cald- 
tonin. When the polymer gel of the present invention is used as a drug releasing material, the drug used may be an anti- 
cancer agent such as neocarzinostatin or adriamydn; or an anti-inflammatory agent such as steroid or non-eterokial 
inflammatory agent 

35 Since in ti^e polymer gel of the present invention. iSne deavable group (E) is deaved depending on an enzyme level 
generated at a diseased site and the drug is released in accordance with the enzyme level, the amount of the drug to 
be immobilized is not strictiy limited. However, it is required to immobilize a mininujm amount of the drug capable of 
exerting the therapeutic effect at a diseased region. The annount of the drug to be immobilized can be controlled by the 
introduction ratio of the first spacer (Spl) into a water-swelling polymer gel (A) . 

40 When the introduction amount of the first spacer (Spl) is too small, an effective amount of the drug cannot be 
immobilized. Alternatively, when the introduction amount of tiie first spacer (Spl) is too great the properties of the 
water-swelling polymer gel may be altered. Therefore, too small or large annount is not preferred. Thus, the introduction 
ratio of the frst spacer (Spl) into a water-swelling polymer gel is,, in general, preferred to be at least 0.05 \imo\, more 
pr^erably 0.2 to 50 \imoli, per ml. water-swelling polymer gel (polymer gel swollen with water to equilibrium), though 

45 depending on tiie kind of the drug or cleavage readiness of the deavable group (E) by an enzyme. TTie introduction ratio 
of tiie first spacer (Spl) shoukl be determined, for example, by measuring the amount of the amino group in an inter- 
mediate product by the ninhydrin method (see Sarin, V.K. etal.. Anal. Biochem., 117, 147-157(1981)]. 

in tiie polymer gel of the present invention, the deavable group (E), the second spacer (Sp2) or the second spacer 
precursor (Sp2'). and the drug are bound to the water-swelling polymer gel (A) through tiie first spacer (Spl) so that 

so each of the introduction ratios of the deavable group (E), the second spacer (Sp2) or the second spacer precursor 
(Sp2') and the drug is detennined by the introduction ratio of the first spacer (Sp1) and generally is the same or less 
than that of the first spacer (Sp1). 

tn the polymer gel of the present invention, a method for immobilizing a drug, through ttie first spacer (Sp1). the 
deavatsle group (E) and the second spacer (Sp2), onto a water-swelling polynner gel(A). preferably comprises a cova- 

55 lent process. As the immobilization method, known activation methods or reaction methods, generally employed for 
immobilized enzymes and affinity chromatography can be used. Examples of the reaction for immobilization (bonding) 
indude, but not limited to. a dehydration condensation reaction using a condensing agent such as 1-etiiyl-3-(3-dimeth- 
ytaminopropyl)-carbodiimtde hydrochloride salt or dicyclohexylcarbodiimUe; a decartxsnate readion using an alkali cat- 
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alyst; an ammonolysis reaction of epoxy groups; an ester exchange reaction; and an urethane bond forming reaction. 
In general, it Is preferred that the second spacer {Sp2) and the drug are bound together via an ester bond, an ether 
bond or a peptide bond, because In this case, the cleavable group (E) is cleaved by the enzymatic action so that the 
drug efficacy is exhibited effectively without a serious influence on the chemical structure of the drug at the time when 
the drug is released. 

No particular limitation is imposed on the order of the reaction insofar as the polymer gel having the sequence rep- 
resented by (I) or (la) is formed. For example, the polymer gel (I) can be obtained by any one of the methods exerrplif ied 
below: 

(1) a method in which the first spacer (Spl), a cleavable group (E), the second spacer (Sp2) and a drug (G) are 
reacted in order of mention with the water-swelling polymer gel (A); 

(2) a method In which the water-swelling polymer gel (A) is bound with a sequence of the first spacer (Spl). a cleav- 
able group (E), the second spacer (Sp2) and a drug (Q) bound In advance in order of mention; 

(3) a method in which a sequence of a cleavable group (E), the second spacer (Sp2) and a drug (Q) bound in 
advance in order of mention is bound with another preliminarily-bound sequence of the water^elling polymer gel 
(A) and the first spacer (Spl); 

(4) a method in which a preliminarily-bound sequence of the second spacer (Sp2) and a drug (G) is bound with 
another sequence of the water-swelling polymer gel (A), the first spacer (Spl) and a cleavable group (E) prelimi- 
narily bound in order of mention; and 

(5) a method in which with the water-swelling polymer gel (A) bound with one portion of the first spacer (Spl) (which 
has not yet finished the binding), a preliminarily bound sequence of the remaining portion of the first spacer (Spl), 
a cleavable group (E) and the second spacer (Sp2) are bound, and then a drug (G) is bound witii tfie second spacer 
(Sp2). 

Among the above-exenplrfied methods, the methods of (3) and (5) are prefen-ed owing to a good binding efficiency. 

The polymer gel of the present invention may contain, as needed, a metal ion such as Ca^* ion, having a pharma- 
ceutical action and a pharmaceutically acceptable adcGtive such as gel softening agent and stabilizing agent, for exam- 
ple, glycerin or polyethylene glycol, depending on the objective. The polymer gel of the present invention may be used 
after swollen with a physiologically acceptable solution such as glucose solution or physiological saline as needed. At 
this time, the solution may contain various pharmaceutically acceptable acfcitives. Furthermore, if the exudate such as 
body fluid is at a higher level, the polymer gel of tine present invention may be applied in the dry state. 

When the drug to be immobilized on to the polymer gel has not so high stability under w^ conditions, the polymer 
gel onto which the drug has been immobilized may be stored or disti-a>uted under dry conditions. 

No particular limitation is imposed on the using form or administration fbmi of the polymer gel of the present inven- 
tion. It can be used, for exanple, as an external preparation such as dressing, adhesive or adhesion preventing agent, 
a bone reinforcing agent or a base material for sustained release of a drug. If the gel is administered as a bone rein- 
forcing agent, the gel can be administered into bone cavity, or into the cross section of a bone fracture site, tf tiie gel is 
administered as a base material for sustained release of a drug, the gel can be administered via subcutaneous admin- 
istration, intraperitoneal administration, intraarticular administration, percutaneous administration, oral administration or 
intravascular administration. 

The polymer gel in accordance with tiie present invention may take an application form suitable for tfie objective of 
gel application or administration form, such as sheet, film, fiber, woven fabric, non-woven fabric, knitted doth, net liquid, 
powder or sponge. By molding the polymer gel of the present invention into a plate form or a particle tonn, wound dress- 
ings may be obtained. Alternatively, by molding the gel as desatoed above and then attaching tiie molded gel with a 
film made of a polyurethane resin or a silicone resin followed by addition or coating of an adhesive, wound dressings 
may also be produced. Because the would dressings from the polymer gel of the present Invention are flexible due to 
the higher water content, less physical initation may be induced on wounds with less pain to the patient. Furthermore, 
because the wound dressings have excellent water retentivity, ttie dressings may be exchanged less frequently, with the 
decrease in patient pain, care, and wound damage, while greatiy retaining the healing promoting factor in the exudate 
witti no inhl»tion of tine function of the factor, thereby promoting the heating of the wound. 

In the polymer gel of the present Invention, as is represented by the above formula (I), a drug is immobilized onto 
a water-sw^iing polymer gel (A) through a spacer and a cleavable group (E) so that the nrmin chain of the deavable 
groi4> (E) can be cleaved by the action of an enzyme existing at a diseased site and the drug is released smootNy. 

In the polymer gel of the present invention, as desaibed above, the first spacer (Spl) and the second spacer (Sp2) 
are interposed between a water-swelling polymer gel (A) and a cleavable group (E) and between the cleavable group 
(E) and a dnjg, respectively, as can be understood from the formula (1). which makes it possible to improve the selec- 
tivity of the cleaving action of an enzyme on the cleavable group (E), to obtain a polymer gel more suited to the kind or 
the condition of the diseased site. Even if the drug is not easily bound with the cleavable group (E) directly, the dmg can 
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be bound more easily by selecting a suitable one as the second spacer (Sp2). 

If a drug is Irrvnobiiized directly onto a water-swelling polymer gel (A) through a cleavable group (E), on the other 
hand, the cleaving reaction of the main chain of the cleavable group (E) by an enzyme Is very slow, so that a therapeu- 
tically effective amount of the drug cannot be released. If the drug is bound with a water swelling-polymer gel (A) only 
5 through a spacer without a cleavable group (E). the enzyme does not act for cleavage and the drug is not successfully 
released at a diseased site. 

For example, if use is made of the polymer gel of the present invention obtained by immobilizing a drug (such as 
an anti-inflammatory agent or antibiotic) through a cleavable group (E) [for example, an oligopeptide such as -(Ala)3-, - 
(Ala)2-Pro-Val- or -(Ala)2-Phe-1 to be cleaved with an enzyme (elastase, cathepsin Q or the like) generated by neu- 

10 trophiis, the cleavage group is cleaved and the dnjg is released, only at an inflammatory site infOtrated and activated 
with the neutrophils, at an amount con-esponding to the level of the enzyme present at the site, triggering the anti- 
inflammatory action and tiie antibacterial action of the drug. 

If use is made of the polymer gel of the present invention obtained by Immobilizing an antibiotic such as gentamycin 
or norfloxacin through a cleavable group (E) [for example, -Asp-Glu- or -Ala-Gly-Phe-) to be cleaved with an enzyme 

15 (Staphylococcal serin proteinase, Staphylococcal cysteine proteinase, or the like) generated by bacteria or an enzyme 
(Thrombin or the like) activated by a substance (Staphylocoagulase or the like) having an enzyme activating action, the 
antibiotic may be released only at an infected site during the development of such infection, whereby the antibacterial 
action is triggered. 

If use is made of the polymer gel of the present invention obtained by immobilizing a blood flow nxxJifying agent 
20 such as actosin or PGE1 through a cleavable group (E) [for example. -(Ala)2-Phe-, -{Ala)2-Pro-Phe-, -Ala<3ly-Phe-. - 
Phe- or -Tyr-) to be cleaved wrth an enzyme (cathepsin E, pepsin or the like) whfeh is activated under acidic conditions, 
the drug is released at a site with poor blood flow so as to improve tiie blood flow. 

If use is made of the polymer get of the present invention obtained by Immobilizing an anticancer agent through a 
cleavable group (E) (for example. -Gly-Phe-Leu-Gly-, -(Arg)2-. -Phe-Arg-. phosphate diester bond or the like) to be 
2S cleaved witti an enzyme (alkaline phosphatase. Y^glutamyttransferase (r-QTP), cathepsin B, cathepsin H, cathepsin L) 
generated by cancer cells, the drug is released only around the cancer cells, triggering the anti-cancer action. 

In any of the above-described cases, the deavabie group (E) is not cleaved and the drug is not released or is 
released in a trace amount at a normal site where no enzyme for cleaving the cleavage group (E) is generated or during 
the period without such generation. Therefore, side effects due to the toxicity of the drug can be suppressed at mini- 
30 mum. 

It has been confirmed by toxicity tests that the polymer gel of the present invention has little toxicity. It has also been 
confirmed that the polymer get of the present invention is stable under storage. 

As deserved above, in the polymer gel of the present invention, a drug is immobilized onto a water-swelling poly- 
mer gel (A) through a spacer and a cleavable group (E) so that tiie main chain of tiie cleavable group (E) is cleaved in 

3S accordance with the amount of the enzyme existing in the cGseased site and drug release properties are exhibited in 
accordance with the amount of the enzyme. It is therefore possble to release an amount of the drug Active for the 
treatment at only the diseased site generating an enzyme, thereby canrying out tiie healing of the diseased site 
smoothly while controlling the side effects of tiie drug at the minimum level. 

The polymer gel of tiie present invention is characterized in that tiie first spacer (Sp1) and the second spacer (Sp2) 

40 are interposed between a water-swelling polymer gel (A) and a cleavable group (E) and tiie cleavable gro^a (E) and a 
dmg (G), respectively, which makes it possible to improve furtiier the selectivity of the cleaving action of an enzyme on 
tiie deavabie group (E), to obtain a polymer gel more suited to the kind or condition of the diseased site, and to Innmo- 
bilize the drug on the water-swelling polymer gel (A) more smoothly by selecting a proper one as tiie second spacer 
(Sp2) even if the drug is not easily bound wrth tiia cleavable ^oip (E) directty. 

45 The polymer gel of the present invention is useful as the structural component for wound dressings, adhesives for 
biological tissues, adhesion preventing agents, bone reinforcing agents, and drug releasing base materials. For ti'eat- 
ment of inflammation and healing promotion thereof, the gel can be applied to sites of wounds induding general wounds 
such as scar, cut and acne; artificial dermal defects such as dermatome wourxls and dermabrasion wounds, surgery 
wounds such as cut wounds; burn; uteer; and decubitus. Furtiiermore, the gel can be applied also to adhesion of 

so wounds or organs after surgery, prevention erf adhesion of wounds to other tissues after surgery, bone reinforcement for 
osteoporosis and bone fracture, and treatment of malignant neoplasm. 

Examples 

55 The present Invention will hereinafter be descrbed more specifically by examples. It shouU howe/er be borne in 
mind tiiat tiie present Invention is not limited to or by the following examples. 
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Rgferentiai Example 1 

[Preparation of a water-swelling polymer gel (polyvinyl alcohol gel)] 

(1) In a reaction vessel equipped with an agitator, 200 g of vinyl pivalate and 70 g of methanol were charged, fol- 
lowed by purging with a nitrogen gas. Separately, 0.04 g of 2,2'-azobisisobutylonitrile was dissolved as a polymer- 
ization initiator In 5 g of methanol, followed by purging with a nitrogen gas. When the Internal temperature of the 
reaction vessel was increased to 60'C by heating, the solution of the polymerization inrtiator prepared above was 
added to start the polymerization. Polymerization was canried out for 5 hours at the same tenperature. When the 
polymerization ratio reached 40%, the reaction mixture was cooled to 20'C to terminate the polymerization. While 
t-butanol was added to the reaction mixture In portions, the unreacted portion of vinyl pivalate was distilled off under 
reduced pressure, whereby a solution off polyvinyl pivalate in t-butanol was collected. To the resulting solution, an 
adequate amount of tetrahydrofuran was added. From the resulting mixture, t-butanol was distilled off under 
reduced pressure, whereby a solution of polyvinyl pivalate in tedrahydrofuran (concentration: 45.7 wt%) was 
obtained. 

(2) In a reactor equipped with an agitator and a reflux condenser, 50 g of the solution of polyvinyl pivalate in tetrahy- 
drofuran, which had been obtained above, were charged and heated to WC, followed by purging with a nitrogen 
gas. At the temperature kept at 60<>C. 20 g of a 25% solution of potassium hydroxide, which had been prepared sep- 
arately and purged with nitrogen, were added, followed by thorough stin'ing. The reaction mixture became a gel 
after about 30 minutes. After tiie reaction mixture was kept at 60"C for further 6 hours, 5.5 g of ac^ic acid and 5.5 
g of methanol were added to neutralize the potassium hydroxide. The resulting gel was then pulverized, followed 
by SoxWet washing with methanol, whereby a partially-saponified polyvinyl alcohol containing a stmctural unit (i) 
(vinyl ester unit) was prepared. 

(3) Concerning the partially saponified polyvinyl alcohol obtained akx)ve in (2], the molar fractions of the structural 
unit (i) and the vinyl alcohol unit were measured in accordance with the method which will be described later. As a 
resutt, the molar fraction of the structural unit (i) was 0. 1 9. wNle that of the vinyl alcohol unit was 0.81 . 

[Measurement of the molar fractions off the structural unit (i) and vinyl alcohol unit] 

In a mixed solvent of 1.0 g of deuterated dimethyl sulfoxide and 0.2 g of deuterated chtoroform, 0.01 g of the par- 
tially saponified polyvinyl alcohol obtained above in (2) and having the structural unit (i) was dissolved. By proton NMR 
measurement of the resulting solution by an NMR spectrometer rJNM-QSX270". trade name; product of JEOL Ud.]. 
the molar fractions of the structural unit (i) and vinyl alcohol unit in the polyvinyl alcohol were measured. 

(4) TTie viscosity average polymerization degree of the partially saponified polyvinyl alcohol obtained above in (2) 
was 1650 as measured by the following method: 

[Measurement of the viscosity average polymerization degree of a partially saponified polyvinyl alcohol] 

In 10 g of methanol, 2 g of the partially saponified polyvinyl alcohol obtained above in (2) were dissolved, followed 
by the addition of 1 .6 g of potassium hydroxide. The resulting solution was heated at eo^'C for 120 minutes to completely 
saponify the ester bond including the structural unit (i) of the polyvinyl alcohol. To 1 g of the resulting completely sapon- 
ified polyvinyl alcohol, 30 g of acetic anhydride and 6 g of pyridine were added, followed by hermetical sealing. By heat- 
ing at 1 lO^C for 5 hours, the hydroxy! group in the polyvinyl alcohol was completely made into acetate ester, followed 
by the addition of n-hexane to precipitate the resufting polyvinyl acetate. The precipitate was then dissolved in acetone, 
followed by the addition of n-hexane to cause precipitation, which procedure was repeated twice for the purification. In 
80 g of acetone. 0.4 g of the resulting purified polyvinyl acetate was dissolved and the intrinsic viscosity [n] at SO^'C of 
the resulting solution was measured, in accordance with the following equation (3), the viscosity average polymeriza- 
tion degree was determined. 

P-{[ti]x (1000/7.94)} ^^^-^^^ (3) 
wherein P represents a viscosity average polymerization degree of a partially saponified polyvinyl alcohol. 

(5) The syndotacticity of the partially saponified polyvinyl alcohol which had been obtained above in (2) and had 
the structural unit (i) was measured tsy the method which will be desaibed below. As a result, the syndiotacticity by 
dyad tacticity convention determined in accordance with tine following equation (4) was 61%. 
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Dyad tacticity = S + (H/2) (4) 

wherein S and H represent syndiotacticity and heterotacticity in a triad tacticity determined from proton NMR. 
respectively. 

[Measurement of syndiotacticity] 

In 1 g of deuterated dimethyl sulfoxide, 0.01 g of purified polyvinyl alcohol similar to that used for the measurement 
of the viscosity average polymerization degree was dissolved. The syndiotacticity and heterotacticity in a triad tacticity 
which have been determined from a signal of a hydroxyl group proton in proton NMR spectrum of the resulting solution 
were measured by an NMR spectrometer rJNM-GSX270\ trade name; product of JEOL Ltd.). Based on the above 
equation (4). the syndiotacticity by dyad tacticity convention was determined, which was designated as a syndiotacticity 
of the partially saponified polyvinyl alcohol having the structural unit (0- 

Example 1 

[Preparation of a polymer gel] 

In Example 1 , prepared was a polymer gel comprising a gel, which was composed of the polyvinyl alcohol obtained 
in (2) of Referential Example 1, as a water-swelling polymer gel(A), •CO-(CH2)2-CO-NH-CH2-CO- as the first spacer 
(Spl), -PheCDj-Pro-Arg- as a cleavable group (E). -Qy-Phe-Pro-Ala-Gly-Gly- as the second spacer {Sp2) arxl gentamy- 
dn as a drug; and being represented by the following formula (HQ: 




wherein PVA represents polyvinyl alcohol gel. 

(1) In 300 g of dimethyl sulfoxide, 10 g of the partially saponified polyvinyl alcohol obtained above in (2) of Refer- 
ential Example 1 were dissolved, fr}llowed by the addition of 1 .64 g of succinic anhydride and 0.64 g of pyridine. 
The resulting mixture was reacted at 70**C for 4 hours. About 330 g of the resulting solution were cast into a 25 cm 
X 25 cm-polystyrene tray, followed by immersion into water gently, whereby an Intermediate havlhg a portion of the 
first spacer (Spl) (wNch had not yet finished binding) bound with a water-swelling polymer gel (A) was obtained. 

(2) Separately from the above (1), a Qly-Phe(D)-Pro-Arg(Mtr)-Qly-Phe-Pro-Ala-Qly-Qly-HMP resin was obtained 
by Fmoc chemistry by using a full automatic peptide synthesizer ("Model 43^", trade name; product of Applied 
Biosystems Japan). The resulting resin was treated for 6 hours with 10 ml of trifluoroacetic acid containing 5% of 
water, 5% of thioanisole, 7.5% of phenol and 2.5% of ethanedithiol. Diethyl ether was added to the resulting solu- 
tion to cause precipitation, followed by washing with diethyl ether several times, whereby Qly-Phe(D)-Pro-Arg-Gly- 
Phe-Pro-AIa-Qty-Qly-in which the remaining portion of the first ^acer (Spl). cleavable group (E) and second 
spacer (SpS) had been bound was obtained. 

In the above formula. Arg(Mtr) represents N9-4-methoxy-2,3,6,-trimethyibenzenesulfonyl-L-arginine residue 
and HMP resin represents a powdery resin (HMP resin; product of Applied Biosystems Japan) composed of a sty- 
rene-divlnybenzene copolymer (a component ratio of styrene to dMnylbenzene: 99 to 1) containing a 4- 
hydroxymethylphenoxy-methyt group in an amount of 0.89 mmol/g (resin). 

(3) The intermediate (10 g) obtained in (1) by binding a water-swelling polymer gel with a portion of the first spacer 
(Spl) was washed with dlmethyHormamide to substitute the water content in the gel by dimethyKormamlde. To the 
substituted intermediate, 0.45 g of N-hydroxysuccinimide and 1.8 g of 1-ethyi-3-(3-dimethylamlnopropyl)-carbodi- 
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imide hydrochloride (EDC-HCI) were added, follcwed by agitation overnight. Ttie reaction mixture was washed 
with water several time, followed by the addition of 50 mg of Gly-Phe(D)-Pro-Aro-ay-Phe-Pro-AIa-Gly-Gly- 
obtained above in (2) and 9 of diisopropylethylamine. The resulting mixture was agitated overnight, whereby an 
intermediate [that is, a polymer gel (la) to be bound with a drug] In which the first spacer (Sp1), the cleavable group 
(E) and the second spacer (Sp2) had been bound with a water-swelling polymer gei(A) in order of mention was 
obtained. It was possible to provide the resulting intermediate as was to storage or distribution, 
(4) The intermediate [polymer gel (la)] obtained above in (3) was washed with water several times, and then with a 
0.05M aqueous solution of sodium bicart>onate once, followed by tiie addition of 0.6 g of gentamycin and 0.2 g of 
EDO • HCI. The resulting mixture was agitated overnight. The reaction mixture was then washed sufficiently with 
water, whereby a polymer gel which was represented by the above formula (III) arxl in which the first spacer (Sp1), 
the cleavable group (E). the second spacer (Sp2) and a drug (gentamycin) had been bound with a water-swelling 
polymer gel(A) in order of mention was obtained. 

Example g 

[Preparation of a polymer gef] 

In Example 2, prepared was a polymer gel comprising a gel composed of the polyvinyl alcohol obtained above in 
Referential Exanftple 1 (2) as a water-swelling polymer gel(A), -CO-(CH2)2-CO-NH-CH2-CO- as the f iret spacer (Spl), - 
Val-Pro-Arg-Gly-Val-Pro-Arg-Gly-Val-Pro-Arg- as a deavabfe group (E), -Oy-Gly- as the second spacer (Sp2) and gen- 
tamycin as a drug; and being represented by the following formula (IV): 



wherein PVA represents polyvinyl alcohol gel, 

(1) Desaibed spedf ically an intermediate having the water-swelling polymer gel(A) bound with a portion of tiie first 
spacer (Spl) (which had not yet finished binding) was prepared inasimilar manner to Example 1(1). 

(2) Separately from (1), in a similar manner to Example 1(2), a Gly-Val-Pro-Arg(Mtr)-Gly-Val-Pro-Arg(Mtr)-Gly.Val- 
Pro-Arg(Mtr)-Gly-ay-HMP resin was prepared instead of the ay-Phe(D)"Pro-Arg(f\4tr)-Gly-Ph6-Pro-Ala-Gly-Gly- 
HMP resin obtained In Example 1(2) by Fmoc chemistry by using a full automatic peptide synthesizer "Model 
431 A". The resulting resin was treated as in Example 1(2), whereby Gly-Val-Pro-Arg-Gly-Val-Pro-Arg-Gly-Val-Pro- 
Arg-Gly-Gly- In which the remaining portion of thefirst spacer (Spl). the cleavable group (E) and the second spacer 
(Sp2) had been bound together was obtained. 

(3) In a similar manner to Example 1(3), the Intermediate obtained above in (1) was bound with the Gly-Vai-Pro- 
Arg-Qly-\fel-Pro-Arg-Qly-Val-Pro-Arg-Qly-Qlyobtained above in (2), whereby an intermediate [a polymer gel (la) to 
be bound with a drug] in which the first spacer (Sp1), the cleavable QTCup (E) and the second spacer (Sp2) had 
been bound in order of mention with the water-swelling polymer gel (A) was prepared. Gentamycin was bound with 
the resulting intermediate in a similar manner to Exanrpie 1(4), whereby the polymer gel represented by the above 
formula (IV) was obtained. 

Example 3 

[Preparation of a polymer gel] 

In Example 3, prepared was a polymer gel comprising a gel composed of the polyvinyl alcohol obtained above in 
Referential Example 1 (2) as a water-swelling polymer gel(A), -CO-(CH2)2-CO-NH.CH2-CO- as the first spacer (Spl), • 




(CH^^-Ji— MH-CHj^' — Va|.Pro-Arg-Q|y.VaNPro-Arg-Gly-VaI-Pro-A/g-Gly.Gly- nh 



(IV) 
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Phe-Pro-Arg-Gly-Phe-Pro-Arg- as a deavable group (E). -Gly-Gly- as the second spacer (Sp2) and gentamycin as a 
drug: and being represented by the following formula (V): 




wherein PVA represents polyvinyl alcohol gel. 

(1) Described specifically, an intermediate having the water-swelling polymer gel{A) bound with a portion of the first 
spacer (Spl) (which had not yet finished binding) was prepared in a similar manner to Exarrple 1 (1). 

(2) Separately from (1), in a similar manner to Example 1(2), a Gly-Phe-Pro-Arg(Mtr)-Gfy-Phe-Pro-Afg-Gly-Gly- 
HMP resin was prepared by Fmoc chenfiistry by using a full automatic peptide syrrthesizer "Model 431A". The 
resulting resin was treated as In Example 1(2). whereby Gly-Phe-Pro-Arg-Gly-Phe-Pro-Arg-Gly-Gly- in which the 
remaining portion of the first spacer (Spl), the deavable group (E) and the second spacer (Sp2) had been bound 
together was obtained. 

(3) In a similar manner to Example 1(3). the intennecfiate obtained above in (1) was bound with the Qly-Phe-Pro- 
Arg-Qly-Phe-Pro-Arg-Gly-CSay- obtained above in (2), whereby an intermediate [a polymer gel (la) to be bound with 
a drug] in which the first spacer (Spl), the deavable group (E) and the second spacer (Sp2) had been bound in 
order of mention with the water-swelling polymer gel(A) was prepared. Gentamycin was bound with the resulting 
intermediate in a sinnilar manner to Example 1(4). whereby the polymer gel represented by the above formula (V) 
was obtained. 



Example 4 



[Preparation of polymer gel] 



In Example 4. prepared was a polymer gal comprising a gel composed of the polyvinyl alcohol obtained above in 
Referential Example 1 (2) as a water-swelling polymer gel{A). ■CO-(CH2)2-CO-NH-CH2-CO- as the first spacer (Sp1). - 
Phe(D)-Pro-Arg- as a deavable group (E), -Gily-Phe-Pro-Ala- as the second spacer (Sp2) and norfloxadn as a drug; 
and being represented by the following formula (VI): 



,COOH 

PVA— 2.(CH^2-^NH-CH2^Ph8(D)-Pro-Arg-Gly-Ph»-Pro-Ala-N^N''^^N f"^') 



C2H5 



wherein PVA represents polyvinyl alcohol gel. 

(1) Described specifically, an intermediate having the water-swelling polymer ge!(A) bound with a portion of the first 
spacer (Spl ) (which had not yet finished binding) was prepared in a similar manner to Example 1 (1). 

(2) Separately from (1), in a similar manner to Example 1(2), a Gly-Phe(D)-Pro-Arg(Mtr)^ly-Phe-Pro-Ala-HMP 
resin was prepared by Fmoc chemistry by using a full automatic peptide synthesizer "Model 431 A". The resulting 
resin was treated as in Example 1(2), whereby Gly-Phe(D)-Pro-Arg^y-Phe-Pro-A]a- in which the remaining por- 
tion of the first spacer (Spl), the deavable group (E) and the second spacer (Sp2) had been bound together was 
obtained. 
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(3) In a similar manner to Example 1(3), 10 g cff the intermediate obtained above in (1) were bound with 50 mg of 
the Gly-Phe(D)-Pro-Arg-ay-Phe-Pro-Ala- obtained above in (2), whereby an intermediate [a polymer gel (la) to be 
bound with a drug] in which the first spacer (Spl), the cleavable group (E) and the second spacer (Sp2) had been 
bound in order of mention with the water-swelling polymer gel(A) was prepared. 

(4) The intermediate [polymer gel (la)] obtained above in (3) was washed with water several times, and then with 
dimethyHormamide several limes to substitute the water content in the gel with dimethylformamide. followed by the 
addition of 0.46 g of N-hydroxysucdnimide and 1 .8 g of 1-ethyl-3-(3-dimethylaminopropyi)-carbodiimide hydrochlo- 
ride (EDC • HCI). The resulting mixture was agitated overnight. The reaction mixture was then washed with dimeth- 
ylformamide several times, followed by the adcfition of a solution of 100 mg of norfloxacin and 20 ^1 of 
diisopropylethylamine in 20 ml of dimethylformamide. The resulting mixture was agitated overnight. The reaction 
mixture was washed sufficierrtly with water, whereby a polymer gel which was represented by the above formula 
(VI) and in which the first spacer (Spl ). the cleavable groip (E). the second spacer (Sp2) and the daig (norfloxacin) 
had been bound with the water-swelling polymer gel(A) in order of mention was obtained. 

Example 5 

[Preparation of polymer gel] 

In Example 5. prepared was a polymer gel comprising a gel composed of the polyvinyl alcohol obtained above in 
Referential Example 1(2) as a water-swelling polymer gel(A), -CO-(CH2)2-CO- as the first spacer (Spl). -Gly-Pro-Leu- 
Qy-Pro- as a cleavable group (E), -Gly-Qy- as the second spacer {Sp2) and TGFp as a drug; and being represented 
by the following formula (VII): 



wherein PVA represents polyvinyl alcohol gel. 

(1) Desaibed specifically, an intermediate having the water-sweHing polymer gel(A) bound with a portion of the first 
spacer (Spl) (which had not yet finished binding] was prepared in a similar manner to Example 1(1). 

(2) Separately from (1). in a similar manner to Example 1(2). a Qly-Pro-Leu-Gly-Pro-Qfy-Qly-HMP resin was pre- 
pared by Fmoc chemistry by using a full automatic peptide synthesizer "Model 431 A". The resulting resin was 
treated as in Example 1(2), whereby Qly-Pro-Leu-Qly-Pro-Cay-Gly- in which the remaining portion of the first 
spacer (Spl), the cleavable group (E) and the second spacer (Sp2) had been bound together was obtained. 

(3) In a similar manner to Example 1(3). 1 g of the intermediate obtained above in (1) was bound with 5 mg of the 
Giy-Pro-Leu-Gly-Pro-Qy-Gly- obtained above in (2). whereby an intermediate [a polymer gel (la) to be bound with 
a drug] in which the first spacer (Spl). the cleavable group (E) and the second spacer (Sp2) had been bound in 
order of mention with the water-swelling polymer gel(A) was prepared. 

(4) The intermediate [polymer gel (la)] obtained above in (3) was washed with water several times, and then with 
dimethytforrraunide several times to substitute the water content in the gel with dimethytformamide. followed by the 
addition of 46 mg of N-hydroxysucctnlmide and 0.18 g of 1-ethyl-3-(3-dlmethylaminopropyl)-carbodiimide hydro- 
chloride (EDC* HQ). The resulting mixture was agitated overnight The reaction mixture was then washed with 
water seveiHl times, followed by the addition of a solution of 1 jig of TGFp in 1 ml of water. The resulting mixture 
was agitated overnight. The reaction mixture was washed sufficiently with water, whereby a polymer gel which was 
represented by the above formula (VII) and in which the fir^t spacer (Spl), the cleavable group (E), the second 
spacer (Sp2} and the drug (TGFp) had been bound with the water-swelling polymer gel(A) in order of mention was 
obtained. 

CorTTparative Example 1 
[Preparation of polymer gel] 

In Comparative Example 1 , prepared was a polymer gei in which -C0-(CH2)-C0- as a spacer and gentamydn as 
a drug had been bound in order of mention with a gel composed of the polyvinyl alcohol obtained above in Referential 
Example 1(2) as a water-sweiling polymer gel(A) and which is represented by the following formula (Vlll): 
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H HO 
R-pNHR ( 




3 




PVA- 



■NH 



(VIII) 



wherein PVA represents polyvinyl alcohol gel. 

Described specifically, an intermediate having the water-swelling polymer gel(A) bound with the spacer was pre- 
pared in a similar manner to Example 1(1). The resulting intermediate {10 g) was washed with water several times and 
then with a 0.05M aqueous solution of sodium bicarbonate once, followed by the addition of 2.4 g of gentamycin and 
0.8 g of EDO • HCI. The resulting mixture was agitated overnight. Tlie reaction mixture was washed sufficiently with 
water, whereby a polymer gel of the above formula (VIII) In which the spacer and the drug (gentamycin) had been bound 
in order of mention with the water-swelling polymer gel(A) was obtained. 

Rgfgrgntial Examples 
[Preparation of polymer gel] 

In R^erential Example 2, pr^>ared was a polymer gel in which -CO-(CH2)-CO-NH-CH2-CO- as a spacer, -Val-Pro- 
Arg- as a cleavable group (E) and gentamycin as a drug had been bound in order of mention with a gel composed of 
the polyvinyl alcohol obtained above in Referential Example 1(2) as a water-swelling polymer gel(A), axti which is rep- 
resented by the following formula (IX): 



wherein polyvinyl alcohol represents polyvinyl alcohol gel. 

(1) Described specifically, an intermediate having the water-swelling polymer gel(A) bound with a port on of the 
spacer (which had not yet finished binding] was prepared in a similar manner to Example 1 (1). 

(2) Separately from (1), in a similar manner to Example 1(2), a Qly-Val-Pro-Arg(Mtr)-HMP resin was prepared by 
Fmoc chemistry by using a full automatic peptide synthesizer "Model 431 A". The resulting resin was treated as in 
Example 1(2), whereby Gly-Vat-Pro-Arg- in which the remaining portion of the spacer and the deavabie group (E) 
had been bound together was obtained. 

(3) In a similar manner to Example 1 (3), 10 g of the intermediate obtained above in (1) were bound wHh 50 mg of 
the Qly-Val-Pro-Arg- obtained above in (2), whereby an intermediate in which the spacer and the cleavable group 
(E) had been bound in order of mention with the water^elling polymer gel(A) was prepared. 

(4) With the intermediate obtained above in (3). gentamycin was bound in a similar manner to Example 1(4), 
whereby a polymer gel of the formula (IX) in which the spacer, the cleavable group (E) and the drug (gentamycin) 
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had been bound with the water-swelling polymer gel(A) in order of mention was obtained. 
Testi 

[Drug release test by using pseudo exudate from infected wound] 

(1) The polymer gels obtained in Examples 1 to 4. Comparative Example 1 and Referential Example 2 were 
weighed, each in an arrwunt of 0.1 g. To each of the gels, 150 jil of PBS (a 0.01 M phosphate buffer containing 
0.15M NaCI; pH 7.4), 50 ^1 of the si^sernatant of Staphylococcus aureus cultured and 50 jil of the human plasma 
were added, followed by agitation at 37'C overnight The supernatant (75 pi) of the resulting reaction mixture was 
immersed In a filter paper having a diameter of 8 mm. The filter paper was placed on a Brain-Heart-Infusion agar 
medium plate (diameter: 10 cm) to which 2 x 10^ cfu of Staphylococcus aureus had been inoculated, followed by 
culturing overnight at 37°C. The diameter of the zone of growth inhtoition formed on the periphery of the filter paper 
was measured. 

(2) A filter paper of the same diameter was, on the other hand. Immersed with 75 ^1 of an aqueous solution of gen- 
tamycln (10 ^g/mO and placed on a Brain-Heart-Infusion agar medium plate (diameter: 10 cm) to which 2 x 10® cfu 
of Staphylococcus aureus had been inoculated, followed by culturing overnight at 37'*C. The diameter of the zone 
of growth inhbition formed on the periphery of the fOter paper was measured. 

(3) A release amount of the antibacterial agent per hour was deterrrtined by calculating the amount of the antibac- 
terial agent released to the supernatant in (1) based on the ratio of the diameter of the zone of the growth inhibition 
obtained above in (2) to that obtained above in (1). The results are shown in Table 2. 



Table 2 





Amount of an antibacte- 
rial agent released (fig/g 
gel * 1 hour) 


Example 1 


1.0 


Example 2 


0.5 


Examples 


0.6 


Example 4 


0.8 


Comparative Exanrple 1 


0 


Referential Example 2 


0.2 



Test 2 

[Healing test of wounds wHh bacterial infection by using rats] 

(1) Together with a 1 0 mg/ml aqueous solution of montmorillonite, Staphylococcus aureus (10^ cfu) was inoculated 
on an about 2-cm diameter poc^t wound made on the back of a rat Forty eight hours later, the pocket wound was 
washed with physk)k)gical saline, followed by insertion of the polymer get obtained in Example 1 or Comparative 
Example 1 in an amount of 1 g. Twenty four hours later, a predetermined amount of the tissue was sampled from 
the wound, followed by homogenization in PBS. The resulting PBS solution diluted to a predetermined ratio was 
uniformly applied on a Brain-Heart-Infusion agar medium plate (diameter: 10 cm) and cultured at 37'*C overnight 
Based on the nunnber of the colonies so formed, the number of the bacteria in the tissue was measured. The 
number of the bacteria in the pocket wound inserted by the polymer gel obtained in Example 1 was 6.7 x 1 0^ ± 8.9 
X 1 0* cfu/g • tissue, while that inserted by the polymer get obtained in Comparative Example 1 was 1 .2 x 1 0^ ± 1 . 1 
X 10® cfu/g -tissue. 

(2) The number of bacteria in the wound treated in a similar manner to the above (1) except that the polymer gel 
was not inserted in the pocket wound was 1 .1 x 1 0® ± 2.0 x 1 0^ cfu/g • tissue. 

(3) It can be understood from the above results that compared with the case where no polymer gel was used, tiie 
number of bacteria decreased to about 1/1000 when the polymer gel of Example 1 was used, while that decreased 
to only about 1/10 when the polymer gel of Comparative Example 1 was used. 
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Testa 

[Release test of TGF^ by a model enzyme (collagenase) of inflammatory exudate] 

To 0.1 g of the polymer gel obtained in Example 5, 1 ml of a solution of 0.1 U/ml of collagenase in PBS was added, 
followed by agitation at 37*C for 2 hours. The TGFp concentration in the supernatant was measured using an EIA kit 
for the measurement of TGFp [TREDICTA™ Human TGF-pi ELISA Kir; product of Genzyme Diagnostics). As a 
result, an amount of TGFp released per hour calculated from the TGFp concentration was about 7 ng/g gel. 

Claims 

1 . A polymer gel for medical use produced by binding a drug with a water-swelling polymer gel in a sequence repre- 
sented by the following formula (t): 

A-Sp1-E-Sp2-G (I) 

wherein A represents a water-swelling polymer gel. Spl represents the first spacer. E represents a deavable group 
with the main chain to be cleaved via an enzymatic reaction, Sp2 represents the second spacer and Q represents 
a drug. 

2. A polymer gel for medical use which is represented by the following formula (la): 

A-Sp1-E-Sp2' (la) 

wherein A represents a water-swelling polymer gel, Spl represents the first spacer, E represents a deavable group 
with the nnain chain to be cleaved via an enzyntatic reaction and Sp2' represents the second spacer and permits 
the binding of a drug with the water-swelling polymer gel through the first spacer (Spl), a deavable group (E) and 
the second spacer (Sp2) [with the proviso that Sp2 represents the second spacer formed when the second spacer 
precursor (Sp2') and the drug are bound]. 

3. A polymer gel for medical use according to claim 1 or 2. wherein any one of the first spacer (Spl). second spacer 
(Sp2) and second spacer precursor (Sp2') is a molecular chain with the total number of carbon atoms, nitrogen 
atoms arxJ oxygen atoms contained in the main chain being at least 4. 

4. A polymer gel for medical use according to any one of daims 1 to 3. wherein the deavable group (E) with the main 
chain to be cleaved via an enzynnatic reaction is derived from 2- to 8-mer oligopeptides. 

5. A polymer gel for medical use according to any one of claims 1 to 4. wherein the water-swelling polymer gel com- 
prises a polyvinyl alcohol. 
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